Selection of a tugboat to be used in a port according to the operations to be carried out is a difficult problem that requires many criteria to be evaluated at the same time. This selection requires high experience as well as technical knowledge about tugboats and operations. In this study, a numerical analysis was carried out within the framework of design, operational and financial criteria to develop a method to select a tugboat. The propulsion/manoeuvring systems used in the tugboats were investigated and different criteria related to the tugboats with different propulsion systems were evaluated by subject matter experts through a survey including technical and financial data. The responses were interpreted with the fuzzy analytic hierarchy process to select a suitable tugboat alternative based on the type of propulsion system.
Introduction
The nature of transportation is directly influenced by international trends and global developments. Maritime economy has always an important place in world trade and transportation. Main arteries of maritime import-export economy are ports. In order to provide faster and safer traffic flow in the ports, besides good organization and coordination, it is necessary to have advanced suitable equipment and vessels that serve the respective port. Among them, tugboats enable faster and safer performance of manoeuvring in ports and consequently speed up the flow of goods through the port concerned.
A tugboat is a type of vessel that manoeuvres other vessels by pushing or pulling them either by direct contact or by means of a tow line [1] . Tugs typically move vessels that either are restricted in their ability to manoeuvre on their own such as ships in a crowded harbour or a narrow canal or those that cannot move by themselves such as barges, disabled ships, log rafts or oil platforms. Tugboats are powerful in terms of their size and strongly built, and some are ocean-going. A typical profile drawing of a tugboat is given in Fig. 1 . Tugboats are designed to perform one or more very specific functions. Of course, many tugboats also tend to get used to perform more than one of these duties and thus become more "multi-purpose". The primarily required specifications for tugboats are high manoeuvrability and power. However, it is important to understand that tugboats with different design features have different handling characteristics [2] . These could be, but not limited to, a combination of hull profile, engine and/or rudder type and thruster's configuration and towing winch design, power and location. Selection of the tugboats according to the port and operations to be used is of great importance in terms of efficiency and operating cost. Typically, tugboats are categorized according to the type of work they do, and then by the configuration or type of propulsion system used [3] . Main propulsion systems of the tugboats vary according to the operational requirements and capabilities of the tugboat. In general, there are three basic types of harbour tugboats according to the propulsion systems: Conventional, azimuth stern drive and tractor. The main differences between these 3 types are the equipment used in the propulsion system and the locations of these equipment. Details will be given in Table 5 , third section [4, 5] .
Numerous researches have been carried out related to the selection of propulsion and manoeuvring systems. The sophisticated techniques about the selection of waterjet propulsion systems for hydrofoil craft were examined by Hatte and Davis [6] . Barr, R. A. and Etter, R. J. [7] suggested a problem of matching ship performance and geometric requirements to propulsion system characteristics to select the best propulsion system for a specific application to be discussed. Stevens et al. [8] brought into question the superconducting electric propulsion machinery systems for a ship and examined 3000 hp feasibility models of full scale systems. Unal et al. [9] discussed the Taguchi method for a propulsion system design optimization and proposed a systematic and efficient approach for transportation vehicle. Olcer and Odabasi [10] suggested a generalised fuzzy multiple attributive group decision making methodology about propulsion/manoeuvring system selection to warship requirements definition. Chang et al. [11] elaborated the safety requirements of dual-fuel gas turbine electric (DFGE) propulsion and dual-fuel diesel mechanical (DFDM) propulsion system. Castles et al. [12] assessed propulsion system inefficiency for destroyers and other marine vessels and proposed a hybrid drive operation system. The development of electric propulsion motors for naval and commercial ships was investigated by McCoy and Amy [13] . Mizythras et al. [14] advanced a new tool for simulation of a ship propulsion system performance during manoeuvring in shallow waters by coupling the propulsion system and seakeeping models. Martelli, M., and Figari, M. [15] examined the methodology and the simulation models required to design the propulsion control logics for an innovative combined diesel-electric and gas (CODLAG) propulsion plant. Altosole, M., and Martelli, M. [16] did propose a simulation based design methodology adopted to improve and check new control schemes for ship propulsion control strategies for emergency manoeuvres. Geertsma, et al. [17] put forward a propulsion model with a Mean Value First Principle (MVFP) diesel engine model that is likely to be parameterised with publicly available manufacturer data and further calibrated with obligatory Factory Acceptance Tests (FAT) and Sea Acceptance Tests (SAT) measurements. Geertsma et al. [18] presented a simulation model of a hybrid propulsion system to investigate two parallel control strategies for diesel mechanical and electrical propulsion on multifunction ships. Geertsma et al. [19] analysed the benefits and drawbacks, and trends in application of propulsion and power supply technologies, and they review the applicability and benefits of promising advanced control strategies. Mu et al. [20] assessed the podded propulsion unmanned surface vehicle model identification based on field experiments and verified by simulation data. Pugi et al. [21] proposed redundant and reconfigurable propulsion systems to improve motion capability of underwater vehicles and layout exhibit superior manoeuvring performances that are expected to be useful for the inspection of offshore plants and more generally for harsh operational conditions.
In this paper, a new multi-criteria decision making (MCDM) problem has been proposed in a fuzzy environment about ranking and selection of alternatives. A new methodology was presented with an application to the propulsion system selection problem. Thus, the research is devoted to find a useful and rational decision making model that enables to handle the already-mentioned problems. The main objective of this research is to make contribution to the development of an MCDM method with multiple decision makers, which are capable of working in a fuzzy environment. In spite of the fact that the method has already identified in some scientific articles for different areas, few studies are available for the importance ratings on propulsion system selection in the maritime industry. This paper has been organized as follows: Section 2 is intended to outline the general concept of analytic hierarchy process problem, Section 3 propulsion system selection is used as a real case study to show the applicability of the proposed approach, and results of the evaluations and concluding remarks are presented in the last sections.
Concept of analytic hierarchy process
Proposed by Saaty [22, 23] , Analytic Hierarchy Process (AHP) is traditionally a powerful decision-making methodology so as to determine the priorities among different criteria, enabling to compare alternatives for each criterion and to determine an overall ranking of the alternatives. It has also been used in various fields in the shipbuilding and maritime industry. Zamarin et al. [24] developed a novel three-stage methodology for selection of optimal mast and standing rigging using AHP in the first two stages and FEM analysis in the final stage. Balin et al. [25] implemented fuzzy AHP and VIKOR techniques to the expert failure detection of marine diesel engine and auxiliary systems. Kafali et al [26] used AHP to evaluate different pipe cutting methods used in shipyards in accordance with the criteria which consist of three main factors and fourteen sub-factors, and determined the most appropriate method. Stanic et al. [27] investigated modern production concepts to improve productivity and decrease operational costs in shipbuilding process. AHP was used after a three-phase methodology to select the optimal solution. Their methodology could also be used to detect the topics that need improvements and some other crucial points to overall reduction in costs.
The conventional AHP is hardly sufficient to handle the imprecise or vague nature of linguistic assessment. Possible to be represented by the triangular fuzzy numbers (TFNs) [28] Gökay Çakıroğlu, Bekir Şener Applying fuzzy analytic hierarchy process to selection of suitable Abit Balın tugboat according to propulsion/manoeuvring system type for ports in Turkey in fuzzy AHP, common sense linguistic statements have been utilized in the pair-wise comparison. Then, the step of combining the pair-wise comparison and the synthesis of the priorities to decide on the overall priorities of the decision alternatives will be done [29] . The cause of TFNs being used to capture the vagueness of the linguistic assessments is that TFN is open to use both in intuitive and easy way. The TFNs in the pair-wise comparison are defined with the help of three real numbers expressed as a triple (l, m, u). These values are defined on the basis of the smallest possible value, the most promising value, and the largest possible value that describes a fuzzy event. The one that looks to better match the preferences scale of the Fuzzy AHP is summarized in Table 1 . 
Multiplication:
Inverse:
Step 1: Construct the fuzzy pair-wise comparison matrix
To construct the fuzzy judgment matrix ij Aa of n, criteria or alternatives via pair-wise comparison by asking which is the more important of each two criteria, the TFNs are used as follows by equation (4 Applying fuzzy analytic hierarchy process to selection of suitable Gökay Çakıroğlu, Bekir Şener tugboat according to propulsion/manoeuvring system type for ports in Turkey Abit Balın
Step 2: Aggregate the group decisions Subsequent to the collection of the fuzzy judgment matrices from all decision makers, these matrices can be assembled by dint of the fuzzy geometric mean method (6) of Buckley [30, 31] . The total TFN of n decision makers' judgment in a certain case ij ij ij ij u = (l , m , u ) is:
where ijk ã is the relative importance in form of TFN of the th k decision maker's view, and n is the total number of decision makers.
Step 3: Compute the value of fuzzy synthetic extent:
Based on the aggregated pair-wise comparison matrix, ij Uu , the value of fuzzy synthetic extent Si with respect to the ith criterion can be computed as (7) by making use of the algebraic operations on TFNs as described in (1)-(3). Step 4: Calculate best non-fuzzy performance (BNP) value Utilize Center of Area (COA) method to find out the best non-fuzzy performance (BNP) value (crisp weights) of each criterion by the Equation (8) .
[
In accordance with the value of the derived BNP for each of the alternatives, the ranking of the each alternative can then proceed.
Step 5: Consistency test of the comparison matrix To ensure a certain quality level of a decision, we are required to analyze the consistency of an evaluation. With the aim of testing the value of consistency of the comparison matrix depended on n, the consistency rate (CR) needs to be computed. The CR is described in (9) as a ration between the consistency of a consistency index (CI) and the consistency of a random consistency index (RI). Its value should not surpassed 0.1 for a matrix larger than 4x4. For pair-wise comparison matrix being compatible, upper-bound of CR should be as shown in Table 2 [22, 23] . The CI is used to measure the inconsistency pair-wise comparison as shown in (10) where the eigenvalue λmax can be computed by averaging all eigenvalues of the pair-wise comparison matrix (11) . Table 3 
CR = CI / RI (9)
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Case study: Selection of suitable tugboat according to propulsion system for ports of Turkey
Selection of a suitable tugboat for a port is a very complex task that requires many criteria to be evaluated at the same time. In this study, it is aimed to apply fuzzy analytic hierarchy process to this selection problem. Fig. 2 displays hierarchical structure designed in compliance with Buckly's fuzzy AHP method that includes criteria and tugboat alternatives. Short definitions of the criteria that have effect on the selection of the tugboat are given in Table 4 . C1  C2  C3  C4  C5  C6  C7  C8  C9   A4  A3  A2  A1   C10 C14 C13 C12 C11 Fig. 2 Hierarchical structure for tugboat selection according to propulsion system type Applying fuzzy analytic hierarchy process to selection of suitable Gökay Çakıroğlu, Bekir Şener tugboat according to propulsion/manoeuvring system type for ports in Turkey Abit Balın 7 
Tugboat Selection

No Criteria Definition
C1 Bollard pull
It is a conventional measure of the pulling (or towing) power of a tugboat. It is defined as the force exerted by a tugboat under full power and used for measuring the strength of tugboats.
C2 Speed
Maximum and/or service speed of a tugboat C3 Tank capacity Capacity of the fuel tank and the other tanks
C4 Seakeeping
The seakeeping performance accounts for the performance of a tugboat in wind, waves and current. The performance can be expressed in terms of comfort, crew workability, damage to ship and cargo due to ship motions.
C5 Deck arrangement
The size of working area on deck and the arrangement of the equipment e.g. winches, windlass, and hook As mentioned in introduction section, tugboats are generally categorized according to the configuration or type of propulsion system used. In general, there are three basic types of harbour tugboats: Conventional, azimuth stern drive (ASD) and tractor. Tractor type tugboats are also divide into 2 main types. The main difference between these types is the equipment used in the propulsion system and the locations of these equipment. Short definitions and informative profile silhouettes of alternative tugboats used in study are given in Table 5 .
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Results and discussion
All views of subject-matter-experts have been evaluated as stated above. A common view has been obtained by taking the geometric average of all pairwise comparisons. This common view was evaluated by Buckley Fuzzy AHP and the results are shown in Table 6 .
The results obtained according to the criteria by examining the solutions in detail are shown in Table 7 . As shown, according to the evaluations of subject-matter-experts, it is obvious that criteria C8 (0.130) and C1 (0.118) affects the selection of tugboat type mostly. The C14, C5, C6, and C3 criteria are in the last place with (0.050), (0.052), (0.053), and (0.054), respectively. In this case, it can be seen that C8 and C1 criteria are the most important factors affecting the selection of the tugboat regarding the propulsion system. On the other hand, it has been observed that the C14, C5, C6 and C3 criteria less influence the selection of the tugboat than the other criteria.
Applying According to the evaluations of subject-matter-experts, as a result of pairwise comparisons, the most effective criteria on selection of tugboat according to the type of propulsion system is safety with a value of 0.130 BNP. Then, bollard pull with 0.118 BNP value, price with 0.081 BNP value, functionality with 0.074 BNP value, speed with 0.069 BNP value, working environment with 0.069 BNP value, operation with 0.065 BNP value, maintenance with 0.064 BNP value, seakeeping with 0.061 BNP, delivery time with 0.060 BNP value, tank capacity with 0.054 BNP value, hull form with 0.053 BNP value, deck arrangement with 0.052 BNP value and maturity possibility with 0.050 BNP value are listed, respectively. Concisely, in this case, it can be seen that C8 and C1 criteria are the most effective factors in the selection of the Tugboat according to the propulsion system. On the other hand, it has been observed that the C14, C5, C6 and C3 criteria less influence on the selection of the tugboat than the other criteria. As shown in Table 8 , among the alternative tugboat types, A1: ASD Type has been identified as the most suitable alternative with 7.255 BNP value and A4: Voith Tractor Type as the most unsuitable with 7.069 BNP value as a common opinion of all experts. The other alternatives were prioritized as Conventional Type as the second preferred alternative with 7.094 BNP value and ASD Tractor as the third preferred alternative with 7.075 BNP value. It should be noted that, although A1 should have been clearly distinguished from others, BNP values which indicate the order of the selection for other 3 alternatives are very close to each other. In other words, in this case, although determining the best alternative is easy with the BNP value, it is hard to determine the worst, or the last due to the fact that the BNP values of other three alternatives are very close to each other.
Conclusion
In this study, Fuzzy AHP methods, type of multi criteria decision making methods, have been applied to determine suitable tugboat according to the type of propulsion system. For this purpose, four alternative tugboat types were considered according to the fourteen criteria by taking into account subject-matter-experts opinions. Created decision models were modelled and evaluated by the technical experts of tugboat operators serving at Turkish ports, the engineers of international tugboat design firms and the expert academicians.
The fuzzy AHP model generated using the obtained data was analysed and the ranking among alternatives and criteria was given. According to the fuzzy AHP method results and expert opinions, it can be seen that C8 and C1 criteria are the most important factors affecting the selection of the tugboat type according to the propulsion system based on BNP values. Besides, C14, C5, C6 and C3 criteria have less effect on the selection than the other criteria.
Considering the impact of weight ratings, C8 and C1 criteria are the most effective factors and C14, C5, C6 and C3 criteria have less influence on the selection of the alternatives, A1: ASD Type has been determined as the most appropriate alternative with the 7.555 BNP value as the common opinion of all subject-matter-experts. The A4: Voith Tractor Type has been selected as the last choice to be preferred with the 7.069 BNP value among four selected alternatives. It should be taken into account that the results of these assessments may vary if the weight of the criteria or the expert changes.
In the future studies, it is possible to develop a new method by changing or increasing / decreasing the criteria used in the evaluations. These methods will help companies that operate in national and international ports decide the type of tugboat they will invest. Similar applications can also be developed for different ship types.
